treatment (i.e., prescription or administration) was used to designate the treatment group and relapse date, respectively. Relapses occurring B 30 days were considered an episode. The first relapse episode was identified for every patient. Treatment was deemed effective in resolving the relapse if no additional relapses followed within the episode; otherwise, the relapse was considered unresolved. A 5-day OCS taper following IVMP administration, designated IVMP ± OCS, was allowed. Relapse frequency, treatment use, and relapse resolution were quantified. Relapse resolution was likewise evaluated in patients continuously enrolled for 12 months before and after first treatment with RCI or PMP/IVIG, with PMP/IVIG administrations within 7 days of each other being considered a single course of therapy. Results: During the study period, 9574 patients experienced C 1 relapse; 26.0% of patients had C 2 relapses/year. The mean number of relapse episodes was 2.6 over a mean follow-up of 2.7 years for an annualized relapse rate of 1.0. Corticosteroids were the first treatment used in 90.4% of relapses (OCS = 51.8%, IVMP = 38.6%), followed by IVIG (6.0%), RCI (2.2%) and PMP (1.5%). The proportion of patients achieving relapse resolution with their first treatment was 90.5% with OCS (n = 5710), 47.8% with IVMP ± OCS (n = 3425), 96.9% with RCI (n = 195), 50.7% with PMP (n = 73), and 43.9% with IVIG (n = 171). Among continuously enrolled patients (n = 373), relapse INTRODUCTION A multiple sclerosis (MS) relapse, as per the National Multiple Sclerosis Society (NMSS), is considered any new or acutely worsening neurologic symptoms with objective evidence that [1, 2] is consistent with inflammation and demyelination; lasts for more than 24 hours; is separated by at least 30 days from the onset of the last relapse; is not related to an infection, fever, or other stresses; or has no other explanation [3] . MS relapses adversely impact functional status and health-related quality of life [4] . Residual deficits from acute relapses and gradual disease progression accumulate, resulting in neurologic disability [5] .
Corticosteroids (CS), including self-administered oral CS (OCS) and provider-administered intravenous methylprednisolone (IVMP), are first-line MS relapse treatments with purportedly similar efficacy [3, 6, 7] . Treatment with IVMP requires multiple infusions, which can be more costly and less convenient than OCS and may impact daily life [6, 7] . Given the majority of clinical studies for the treatment of MS relapse [8] [9] [10] [11] [12] [13] [14] [15] [16] were conducted before the widespread availability and diversification of disease-modifying therapy (DMT), updated effectiveness information is lacking [5] .
Currently, there is no standard approach to relapse treatment when CS are inappropriate or ineffective [3] [4] [5] 17] , although a treatment algorithm has recently been proposed by Berkovich [1] . Corticosteroid alternatives include: (1) repository corticotropin injection (the only branded RCI available in the US; H.P. Acthar Ò Gel), approved for treatment of MS relapse in the US, which can be self-administered; (2) plasmapheresis (PMP), recommended by the American Academy of Neurology (AAN) as second-line treatment for steroid-resistant exacerbations in relapsing forms of MS; and (3) intravenous immunoglobulin (IVIG), an off-label treatment sometimes used to treat relapses that do not respond to CS, with limited supporting evidence [3, 18] . As stated by Stoppe and colleagues [5] , ''evaluating how well severity and duration of the exacerbation are improved represents the most valuable and clinically meaningful assessment in determining the efficacy of relapse treatment.''
Our study objective was to evaluate MS relapse rates, use of relapse treatments, and relapse treatment effectiveness in resolving relapse. In a cohort of continuously enrolled patients on corticosteroid alternatives RCI, PMP, and IVIG, relapse treatment effectiveness was again evaluated, and the cohorts were characterized and compared.
METHODS
This retrospective study used administrative health insurance claims data from a US health plan from 1 January 2008 to 30 June 2015. The study protocol was reviewed by the Advarra Institutional Review Board, Inc., Cincinnati, OH, and waivers of patient authorization/informed consent and Health Insurance Portability and Accountability Act authorization were granted.
Data Source
Administrative claims data from Humana Inc., a US health and wellness plan, were used. The 
Study Population Selection
All patients were C 18 years of age as of the first relapse treatment received. Only those patients enrolled in a health insurance plan with medical and pharmacy benefits were included. Patients [ 89 years old were omitted to protect patient privacy.
Patients using a relapse treatment (OCS, i.e., prednisone, prednisolone, methylprednisolone, or dexamethasone), IVMP, and corticosteroid alternatives RCI, PMP, and IVIG) comprised the first patient cohort of interest; no minimum health plan enrollment was required (i.e., open enrollment was allowed). This cohort was designated as the open enrollment cohort.
A second cohort of patients receiving the corticosteroid alternatives RCI, PMP, or IVIG, with a minimum continuous health plan enrollment of 12 months before and 12 months after the first relapse (designated baseline and follow-up periods, respectively), was evaluated. Patients who received RCI and either PMP or IVIG within 30 days of the first relapse were excluded. Because of the small numbers of patients treated with PMP and IVIG, patients were combined into a single group (PMP/IVIG), as done in a previous study [19] .
Relapses, Treatment Regimens, and Relapse Resolution
MS relapse was defined as an inpatient admission or hospitalization with a principal diagnosis of MS [International Classification of Diseases, Ninth Revision, Clinical Modification (i.e., ICD-9-CM of 340.xx)] or an outpatient visit or emergency department (ED) visit with a diagnosis of MS, followed by a medical or pharmacy claim for a relapse treatment of interest within 30 days [19, 20] .
A novel approach to evaluating relapse resolution was used by building upon the established claims-based definition above with an additional component, i.e. a 30-day time frame to demarcate a new relapse event, as per the NMSS relapse definition [3] . This 30-day time frame was used as a marker to correlate MS relapse as either one unresolved relapse if within 30 days of the first visit for relapse or another new relapse if [ 30 days from the first visit for relapse. Using this additional component, we assumed that patients who return within 30 days of their prior visit for more MS relapse medication do so because of a persistent or unresolved prior relapse. Our methodology was to determine the first observed relapse episode for each patient. Then, all relapses identified within 30 days of the first relapse were considered interrelated (i.e., as an episode) and otherwise new. During the episode, all relapse treatments of interest were recorded. The first claim for treatment was used to designate the treatment group and the relapse date. Treatment was considered effective in resolving the relapse if no additional relapses followed; if additional relapses followed, treatment was considered ineffective and the relapse unresolved.
Any prescription of OCS, per the MS relapse definition above, was considered a relapse treatment; there was no dosage requirement. Since IVMP, PMP, and IVIG are administered in a healthcare setting as part of a regimen, up to a 5-day OCS taper was allowed following IVMP administration without impacting relapse resolution (designated IVMP ± OCS). In addition, because PMP and IVIG may each be given as courses of therapy involving multiple administrations, administrations occurring within 7 days of each other were considered part of the same course; these did not count as unresolved relapses [18] . PMP/IVIG administrations within 14 days of each other were also similarly evaluated as a sensitivity analysis.
Patient Characteristics and Healthcare Resource Utilization (HCRU)
Patient demographics, health plan, clinical characteristics, and HCRU were evaluated. Demographic characteristics as of the date of the first relapse were assessed, including age, sex, race/ethnicity, geographical region, and health plan type. During baseline and follow-up periods, the following were evaluated: clinical indicators, including functional impairment measures of the Expanded Disability Status Scale Disability-Derived Impairments score (EDSS-DDI), related neurologic impairment indicators (RNII), and use of dalfampridine (Ampyra Ò ; indicated for walking disability); use of DMTs (including interferon beta-1a, interferon beta-1b, peginterferon, glatiramer acetate, teriflunomide, fingolimod, dimethyl fumarate, alemtuzumab, or natalizumab) and DMT adherence (proportion of days covered or PDC); and HCRU, including inpatient admissions, outpatient visits, ED use, rehabilitation services, and magnetic resonance imaging (MRI) services [21, 22] .
Analysis
Among the first ''open enrollment'' cohort, the frequency of relapse, use of relapse treatment, and relapse resolution with first treatment were evaluated. Relapse resolution by treatment was also evaluated in the second ''continuous enrollment'' cohort taking corticosteroid alternatives RCI and PMP/IVIG. The RCI and PMP/ IVIG cohorts were then characterized and compared.
Descriptive analyses were conducted. Chisquare tests were used to compare categorical variables, and t-tests were used for continuous variables between groups. Statistical significance was set at P \ 0.05. Study results were reported in the aggregate. All data handling and analyses were conducted by Humana's CHI study team using SAS Enterprise Guide version 7.1 (SAS Institute Inc., Cary, NC).
Compliance with Ethics Guidelines
This article is based on previously collected data and did not explicitly precipitate human or animal subjects. The study protocol was approved by Schulman Institutional Review Board (now Advarra).
RESULTS
Study population selection for the second ''continuously enrolled'' cohort is shown in Fig. 1 .
The number of relapse episodes and proportion of relapse episodes by first treatment received among the first ''open enrollment'' cohort are shown in Table 1 . A total of 25,162 relapse episodes and 9574 patients experiencing relapse were identified with a mean follow-up period of 2.7 years per patient for an annualized relapse rate (ARR) of 1.0 (mean relapse episodes/patient = 2.6). In this cohort, 81.4% had C 1 relapse episode per year and 26.0% had C 2 relapse episodes per year; moreover, 36.9% (or 3532) experienced C 1 unresolved relapse.
Relapse treatment utilization is shown in Table 1 . Corticosteroids were the first treatment received in 90.4% of all relapse episodes (51.8% OCS, 38.6% IVMP), followed by IVIG (6.0%), RCI (2.2%), and PMP (1.5%).
Resolution of the first relapse for both patient cohorts is presented in Table 2 . Relapse resolution with first treatment of OCS was 90.5% (n = 5710); with the first treatment of IVMP ± OCS, it was 47.8% (n = 3425). Among corticosteroid alternatives, relapse resolution with the first treatment of RCI was 96.9% (n = 195), with IVIG was 43.9% (n = 171), and with PMP was 50.7% (n = 73).
A total of 373 patients with continuous enrollment who received the RCI or PMP/IVIG were identified. Resolution of the index relapse with the first treatment was 95.7% with RCI (n = 232), and 66.0% with PMP/IVIG (n = 141) as a course of therapy. Altering the final PMP/ IVIG course of therapy to allow for administrations within 14 days of each other, vs. 7 days of each other, varied results by \1%.
The characteristics of continuously enrolled patients receiving RCI and PMP/IVIG are presented in Table 3 . Significantly higher proportions of female (78.9% vs. 69.5%) and Medicare Advantage enrollees (88.4% vs. 64.5%) were observed in patients receiving RCI vs. PMP/ IVIG; however, no significant difference was found in age (51.6 vs. 53.1 years).
In Table 4 , significant cohort differences in continuously enrolled patients receiving RCI vs. PMP/IVIG are shown. These remained consistent, from the baseline period (all P \ 0.05) through the follow-up period (all P B 0.02). their first treatment and with their first round of treatment [23, 24] , i.e. without trying mutiple treatments nor multiple rounds of treatment. Survey results reported from the North American Research Committee on Multiple Sclerosis (NARCOMS) Registry participants indicate an unmet need in relapse therapies; a ''sizeable'' percentage of patients reported lack of treatment effectiveness with CS at 1 month and 3 months and that corticosteroid treatment had no effect on or worsened their relapse symptoms [25, 26] . In a study by Nickerson and Marrie, 30% of patients given IVMP and 38% of those given OCS reported that their treatment worsened their relapse symptoms or had no effect [25] . In contrast, we observed unresolved relapses among a low percentage of patients, particularly with OCS (9.5%) and RCI (3.1%). The NARCOMS data were patient-reported and based on patient survey, whereas this study uses administrative claims data; both study designs have their advantages and disadvantages, yet provide important insights.
Prior research indicates patients with longer relapses are significantly more likely to feel negatively about treatment [26] , which may ultimately affect therapeutic compliance and/or treatment-seeking behavior. In keeping, recent study of neurology clinic patients showed increasing prevalence of escalating relapse treatment, in which a second course of treatment was given for an unresolved or refractory relapse [5] . Relapse resolution is also of critical importance given that residual deficits caused by refractory or protracted relapse, along with those related to inevitable disease progression, may contribute to neurologic disability [5] .
Our study quantified the magnitude of unresolved relapse and relapse treatment effectiveness in resolving relapse using health plan administrative claims data. The coverage policy of the health plan for the treatment of MS relapse at the time of this study was consistent with NMSS guidelines, which promote the use of CS or alternative therapies in cases of corticosteroid contraindications or corticosteroid intolerance [3] . More than 90% of relapses were first treated with CS (OCS or IVMP), in keeping with the standard of care and insurance medical policy. Of the approximately 10% of relapses first treated with corticosteroid alternatives, IVIG was used most often. Although IVIG lacks consistent supportive evidence, it may be considered for relapses in certain cases such as during pregnancy and afterward [2, 3, 27] . Reasons for medication use could not be determined using this data source. An ARR of 1.0 was determined among patients who experienced relapse (i.e., all patients experienced at least 1 relapse during the study). This rate is higher than usually reported by other publications, which can calculate ARR differently, i.e., among all MS patients regardless of the incidence of relapse and length of follow-up [28] [29] [30] . Other research also illustrates variable relapse frequency among patients, i.e., with one study indicating [ 20% of relapsing patients reporting more than two relapses in a year [31] . Of patients who experienced relapse in our study, over one-third experienced at least one unresolved relapse and required additional healthcare visits and relapse treatments within 30 days to resolve their relapse.
To quantify relapse treatment effectiveness in resolving relapse, two scenarios were evaluated. The first utilized a cohort with open health plan enrollment. Of the treatments of interest, OCS and RCI were found to be most effective in resolving the relapse with the first treatment (i.e., 90.5% and 96.9% of patients, respectively). Relapse resolution was evaluated in a second cohort of patients with continuous enrollment receiving corticosteroid alternatives. The mean age (early 50s) and enrollment in Medicare Advantage in patients receiving corticosteroid alternatives may have correlated with longer disease duration, more progressive disease, and/or worse baseline functioning. MS study cohorts typically evaluated within US health plans are often comprised of younger, commercially insured patients. These cohort characteristics may further explain the lower overall DMT use observed here, as no DMTs were approved for use in progressive forms of MS during the study period. Other explanations for the less common use of DMTs in the IVIG/plasma group than in the RCI group could include other unmeasurable factors (i.e., less inflammatory or type of MS) in claims, as these clinical details were not available in this data source. As suggested by the coverage policy, patients taking corticosteroid alternatives were likely intolerant and/or had poor response or nonresponse to corticosteroid treatment and therefore required different therapy. Considering their baseline characteristics, these patients could be impacted even more substantially by MS relapse in the short term and by lingering effects of unresolved MS relapse and its residual burden in the longer term.
Although no significant differences were found in mean age between those receiving corticosteroid alternatives RCI vs. PMP/IVIG, a significantly higher proportion of patients receiving RCI were female, enrolled in Medicare Advantage plans, and had significantly increased presence of all MS functional impairment indicators evaluated despite significantly increased use of DMTs. Similarly, this may signal advanced MS disease and worse baseline functioning in RCI-treated patients (e.g., walking impairment) vs. the PMP/IVIG cohort.
Patients who were treated with PMP/IVIG had significantly higher use of all-cause inpatient and outpatient services, although mode of administration associated with an administered therapy would inherently lead to increased HCRU. Specific reasons for the increased HCRU were beyond the scope of the database and our study but should be examined as they may signal other important healthcare considerations and/or complexities. The ability and/or decision to use a therapy that can be self-administered (e.g., RCI) vs. the need and/or decision to have therapy administered under healthcare provider supervision (e.g., PMP/IVIG) may itself be indicative of other important patient care needs and differences. The distinct lack of comparative studies and lack of an established treatment pathway in MS relapse to-date have been highlighted by the clinical community. An algorithm for the treatment of MS relapse recommended that RCI treatment be considered prior to treatment with PMP/IVIG in appropriate patients [4] . Our study characterizes patients receiving RCI and PMP/ IVIG and indicates they may be different in important ways, while underscoring the treatment effectiveness with each in alignment with Berkovich's proposal [4] . The results of this study are an important start toward evaluating an appropriate patient type and supporting a relapse treatment algorithm, given treatment effectiveness results realized by patients receiving CS alternatives.
Relapse resolution is an important measure of treatment efficacy attainment and should be considered in future research focusing on MS relapse. As we have demonstrated, timely and effective relapse resolution with the first relapse treatment should not be assumed. Methodologic consideration should be given concerning how to evaluate one-time treatments vs. treatments requiring repeated administration that could be billed in single or multiple claims (e.g., IVMP daily for 3-5 days following relapse onset) [3] . Implications of treatment regimens (e.g., complexity, mode of administration, inconvenience) should be considered given potential challenges posed to patient compliance and ultimately to healthcare-seeking behavior.
Given the known heterogeneity of MS (e.g., as a disease state, in terms of relapse, as experienced by patients), different patient populations with MS should be evaluated with regard to their relapse frequency, relapse treatment utilization, and relapse resolution by treatment. Patient characteristics should be described to further understand treatment effectiveness for particular patient segments in order to inform more appropriate selection of relapse treatment for patients. Treatment effectiveness should be evaluated across all relapses in a given time frame in patients continuously enrolled in their health plans to increase the robustness of the supporting sample size. However, by virtue of CS being the first-line therapy, sample sizes for CS alternatives will inherently be challenged when assessing corticosteroid alternatives.
Limitations
Administrative health insurance claims data lack clinical detail and indicators (e.g., disease severity, prescribing directions, MS subtype, EDSS, MRI results, disease duration, treatment history); therefore, this information is limited or unavailable to operationalize in our analysis.
Identification of relapses and health behavior from claims data assumes treatment-seeking behavior and use of health insurance on the part of patients. Mild relapses and treatments used outside of health insurance would be likely systematically missed. If a patient did not receive additional relapse treatment, we assumed the relapse was resolved; although additional healthcare-seeking behavior and treatment could be otherwise explained, we anticipate this assumption would affect all treatment groups. Humana health plan data represent a unique population, with a higher proportion of Medicare Advantage enrollees; therefore, our results have limited generalizability to other US health plans.
The first observed relapse may not have been the actual start of the relapse. The start of the relapse and the first treatment associated would impact the therapy to which the relapse was attributed; similarly, the end of the relapse episode may have been missed. Our approach to evaluating relapse resolution was systematic, and the continuous enrollment analysis further mitigated these limitations [4, 33] . The 30-day episode duration we used as an assumption, based on the accepted NMSS definition, may be reconsidered as well.
Variation in treatment regimens would impact the rate of relapse resolution. For example, IVIG and PMP may each be administered as courses of therapy of variable length, involving multiple administrations over the course of a period of time. This underscores the inherent lack of standardization in MS relapse treatment regimens. Here, we implemented an assumption regarding IVIG and PMP use based on the available literature, in the absence of established or widely recommended regimens [4] . IVMP was not evaluated as a course of therapy in this research, which might explain why it seemed less; a 5-day oral CS taper was accounted for as a potential extension of IVMP therapy. Similarly, if oral CS tapering after IVMP therapy occurred over periods [ 5 days, relapse effectiveness would likely have been higher than estimated here. Because of small patient counts, PMP-and IVIG-treated patients were combined into one cohort, as done in past research; however, results from the open-enrollment cohort indicate potential effectiveness differences, which should be examined further. Our analysis focused on the most common set of therapies used in the treatment of multiple sclerosis relapse; the frequency of relapse therapy uses vary widely. Despite creating a patient cohort from a multiyear data set from a large US commercial health plan, we were limited by the small sample size of our cohort of interest. The small sample size further limited us from conducting more sophisticated statistical analysis, which requires a larger sample size to obtain precise estimates [34] . As such, only unadjusted analyses of treatment groups could be appropriately conducted, as presented here.
CONCLUSION
Timely and comprehensive relapse resolution is critical in successful management of MS relapse and in mitigating long-term neurologic disability in a population challenged by their disease and its destructive hallmark of MS relapse. While CS are the standard of care for MS relapse, when inappropriate for use or unsuccessful in resolving relapse, the effectiveness of other therapies must be further considered and understood in order to inform options for patients.
Per our study, relapse treatment effectiveness varies with OCS, IVMP, RCI, PMP, and IVIG. In this large, insured population of patients with MS relapse, 90.5% of relapses were resolved following first treatment with OCS. Relapse resolution in patients receiving RCI was 95.7%, the highest of all relapse treatments evaluated. Cohort differences were observed during the course of analysis; these, along with other factors, may have influenced the effectiveness observed. Given the very high treatment effectiveness of RCI, the characteristics of patients receiving RCI described here, which having presumed intolerance or contraindications to CS per standard practice and per health plan policy, may be suitable for further study toward identification of an appropriate patient type for RCI therapy. Other patient segments must also be evaluated regarding relapse effectiveness to further understand patients who may benefit from treatment with a specific relapse therapy. Based on effectiveness, our study indicates that OCS is an appropriate treatment for most patients; however, in cases where an alternative to CS is required, the observed robust effectiveness suggests consideration of RCI in appropriate patients such as those studied here.
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